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(54) Abstract Title 

Dual band dielectric resonator antenna 

(57) An antenna system comprises a dielectric substrate 1 having first and second sides with a Sounded 
plate 4 on the first side, and a single strip feed 5 on the second side. A slat 6 provided m the ^pM^i 
as an antenna which has a resonant frequency determined by the size and shape of the slot The slot may be 
fihed with a dielectric material. A dielectric resonator (DRA) 7 is disposed on the grounded p ate, covermg .the 
slot. This acts as an antenna which has a resonant frequency determined by the geometry of the DRA. The 
DRA may have a semi-circular, semi-hexagonal or trapezoidal cross section, and be in contact a conductive 
waM (T 1) tWs embodiment has a figure of eight radiation pattern with a back lobe smaller than a front lobe. 
The antenna has application to mobile telephones. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 

This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
with the formal requirements of the Patents Rules 1995 
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nTTAf . RAND DIELECTRIC RESONATOR ANTENNA 

The present invention relates to a dielectric resonator antenna which combines two 
different radiation mechanisms simultaneously excited by a single feed mechanism 
5 so as to transmit and receive signals in two distinct frequency bands. 

Since the first systematic study of DRAs in 1983 [LONG, S.A:, McALLISTER, 
M.W., and SHEN, L.C.: "The Resonant Cylindrical Dielectric Cavity Antenna", 
IEEE Transactions on Antennas and Propagation, AP-3 1, 1983, pp 406-412], interest 

10 has grown in their radiation patterns because of their high radiation efficiency, good 
match to most commonly used transmission lines and small physical size [MONGIA, 
R.K. and BHARTIA, P.: "Dielectric Resonator Antennas - A Review and General 
Design Relations for Resonant Frequency and Bandwidth", International Journal of 
Microwave and Millimetre- Wave Computer-Aided Engineering, 1994, 4, (3), pp 

1 5 230-247]. Most of the configurations reported have used a slab of dielectric material 
mounted on a ground plane excited by either an aperture feed in the ground plane or 
by a probe inserted into the dielectric material. 

In general, a DRA consists of a volume of a dielectric material disposed on a 
20 grounded substrate, with energy being transferred to and from the dielectric material 
by way of monopole probes inserted into the dielectric material or by way of 
monopole aperture feeds provided in the grounded substrate (an aperture feed is a 
discontinuity, generally rectangular in shape, although oval, oblong, trapezoidal or 
butterfly/bow tie shapes and combinations of these shapes may also be appropriate, 
25 provided in the grounded substrate where this is covered by the dielectric material. 
The aperture feed may be excited by a strip feed in the form of a microstrip 
transmission line, coplanar waveguide, slotline or the like which is located on a side 
of the grounded substrate remote from the dielectric material). Alternatively, dipole 
probes may be inserted into the dielectric material, in which case a grounded 
30 substrate is not required. By providing multiple feeds and exciting these sequentially 
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or in various combinations, a continuously or incrementally steerable beam or beams 
may be formed. 

The resonant characteristics of a DRA depend upon the shape and size of the volume 
of dielectric material and also on the shape, size and position of the feeds thereto. It 
is to be appreciated that in a DRA, it is the dielectric material that resonates when 
excited by the feed. This is to be contrasted with a dielectrically loaded antenna, in 
which a traditional conductive radiating element is encased in a dielectric material 
which modifies the resonance characteristics of the radiating element. 

DRAs are a relatively new invention dating essentially from 1983 [LONG, S.A., 
MCALLISTER, M.W., and SHEN, L.C.: "The Resonant Cylindrical Dielectric Cavity' 
Antenna", IEEE Transactions on Antennas and Propagation, AP-31, 1983, pp 406- 
412]. This reference describes a DRA as being "a novel structure which seemingly 
has the possibility of radiating efficiently". Describing this new antenna as a 
resonant cylindrical dielectric cavity without metallic walls, the paper notes that 
"little or no work has been devoted to this structure as a radiator, nor has a complete 
investigation of the external fields been made." 

In contrast, dielectrically loaded antennas have a long history. One of the best known 
antenna reference books ["The Handbook of Antenna Design", Ed Rudge, Milne, 
Olver & Knight, pub. Peter Peregrinus for the IEE, page 840] explains in a section 
entitled "Dielectrically-loaded antennas" that "two different aspects of dielectric 
loading are considered here. The first deals with attempts to reduce the physical size 
of antennas by loading and the second with the use of dielectric materials as 

protection, where the aim is to minimise the influences of the dielectric." 

Furthermore, the book points out that "The search for a loading material which would 

permit a dramatic reduction in the size of antennas has continued since antennas were 

first used." 
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Dielectric loading of conventional antenna elements such as monopoles ? dipoles, 
patches and slots is thus a very old technology where the dielectric has an impact on 
the size and performance of the antenna element. In contrast, DRAs are a much 
newer technology and it is the dielectric material itself that is the radiating element - 
5 the dielectric does not necessarily have to have an antenna element imbedded within 
it (if it is slot fed, fox example). 

It is known from FAN, Z. and ANTAR, Y.M.M.: "Slot-Coupled DR Antenna for 
Dual-Frequency Operation", IEEE Transactions on Antennas and Propagation, vol 
10 45, 1997, pp. 306-308 to provide a dual-band DRA comprising two rectangular 
dielectric resonators displaced near two edges of a single slot in the ground plane of a 
microstrip line. The teaching in this document is that a dual band antenna is easily 
and usually achieved by using two separate resonators with the same feeding 
mechanism. 

15 

According to a first aspect of the present invention, there is provided an antenna 
system comprising a dielectric substrate of dielectric constant k\ having first and 
second sides, with a grounded plate on the first side of the dielectric substrate and a 
strip feed on the second side of the dielectric substrate for transferring energy to and 

20 from the antenna system, a slot in the grounded plate which is activatable as a 
dielectrically loaded antenna having a resonant frequency determined by a size and 
shape of the slot and by characteristics of any material filling the slot, and a dielectric 
resonator of dielectric constant k 2 disposed on the grounded plate on a side remote 
from the dielectric substrate and covering the slot, the dielectric resonator being 

25 activatable as a dielectric resonator antenna having a resonant frequency determined 
by a size, shape and material of the dielectric resonator, wherein there is further 
provided a conductive wall in electrical contact with the grounded plate and abutting 
or in close proximity to a surface of the dielectric resonator, and wherein the 
conductive wall is contacted by the slot. 

30 
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According to a second aspect of the present invention, there is provided an antenna 
system comprising a dielectric substrate of dielectric constant k } having first and 
second sides, with a grounded plate on the first side of the dielectric substrate and a 
strip feed on the second side of the dielectric substrate for transferring energy to and 
5 from the antenna system, a slot in the grounded plate which is activatable as a 
dielectrically loaded antenna having a resonant frequency determined by a size and 
shape of the slot and by characteristics of any material filling the slot, and a dielectric 
resonator of dielectric constant k 2 disposed on the grounded plate on a side remote 
from the dielectric substrate and covering the slot, the dielectric resonator being 
10 activatable as a dielectric resonator antenna having a resonant frequency determined 
by a size, shape and material of the dielectric resonator. 

According to a third aspect of the present invention, there is provided mobile 
telecommunications device incorporating an antenna system of the first or second 
1 5 aspects of the present invention. 

Preferably, the slot and the dielectric resonator are configured so as to resonate at 
different frequencies. By changing the size and/or shape of either one or both of the 
slot and the dielectric resonator, the resonant frequencies may be tuned substantially 
20 independently of each other. The resonant frequencies may also be tuned by 
selecting appropriate materials for the dielectric resonator and for any dielectric 
material filling the slot. 

The slot may advantageously be provided or filled with a dielectric material of 
25 dielectric constant k 3i which may be the same material as that of the dielectric 
substrate (in which case k 3 = k } )> as that of the dielectric resonator (in which case k 3 = 
k 2 ), or a different material, provided that k 3 < k 2 . 

Embodiments of the present invention seek to provide an antenna system able to 
30 transmit and receive beams in two distinct frequency bands by combining two 
different radiation mechanisms simultaneously excited by a single feeding 
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mechanism. The dielectrically loaded antenna formed by the slot in the grounded 
plane and any dielectric material filling the slot is tuned to a first resonant frequency 
by modifying its shape and geometrical dimensions, and optionally by filling the slot 
with a dielectric material of dielectric constant k 3 . The dielectric resonator antenna 
5 formed by the dielectric resonator and the grounded plate is tuned to a second 
resonant frequency,. different from the first, by choosing the shape and geometrical 
dimensions of the dielectric resonator appropriately. 

Each of the dielectric resonator, dielectric substrate and dielectric material may be 
10 made out of any appropriate dielectric substance or combination of dielectric 
substances, including fluids such as water or air, or any other appropriate dielectric 
liquid, gas or gel, or a dielectric solid including plastics or ceramic materials. 

With particular reference to the dielectric material provided in or filling the slot, this 
15 may be a dielectric fluid such as water or air, or any other suitable dielectric liquid or 
gas, held in the slot by the dielectric substrate on one side of the grounded plate and 
by the dielectric resonator on the other. Alternatively, where the slot does not extend 
all the way through the grounded plate but is configured as a trench or the like 
formed therein, the dielectric material may be held in the trench by the dielectric 
20 resonator. Alternatively, the dielectric material may be formed as a dielectric solid 
including plastics or ceramic materials, or as a dielectric gel. In a particularly 
preferred embodiment, the dielectric material is formed as an adhesive, optionally a 
gel adhesive, which may be used to bind the dielectric resonator to the dielectric 
substrate through the slot in the grounded plate. 

25 

With particular reference to the dielectric resonator, this may be formed of any 
suitable dielectric substance, or a combination of different dielectric substances, 
having an overall positive dielectric constant k 2 . In preferred embodiments, is at 
least 10, and may be at least 50 or even at least 100. k 2 may be larger, for example at 
30 least 1000, although available dielectric substances tend to limit such use to low 
frequencies. The dielectric resonator may include dielectric substances in liquid, 
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solid or gaseous states or any intermediate state. The dielectric resonator may be 
formed as first dielectric substance embedded in a second dielectric substance, the 
first substance having a dielectric constant lower than that of the second substance. 

5 Advantageously, with regard to the second aspect of the present invention, there may 
further be provided a conductive wall in contact with or in close proximity to a 
preferably generally planar surface of the dielectric resonator and in electrical contact 
with the grounded plate. With regard to the first and second aspects of the present 
invention, the conductive wall may intersect the grounded plate along a line and is 
10 preferably disposed such that it simultaneously coincides with a geometrical 
symmetry plane of the slot and an electric field symmetry plane of the dielectric 
resonator. The conductive wall may be provided with a dielectric substrate on a side 
remote from the dielectric resonator, and may be disposed generally perpendicularly 
to the grounded plane. 

15 

In some embodiments, two conductive walls may be provided, arranged at an angle 
to each other. The angle may be substantially 90°, 60°, 45°, 30° or 180° or any angle 
between 0° and 1 80°, A corresponding 'L' or ' V 5 shaped slot is then provided in the 
grounded plate or plane so as to receive or correspond to lower edges of the walls. 
20 The two conductive walls are in electrical contact with each other where they 
intersect, and the line of intersection may be generally perpendicular to the grounded 
plate or plane, as may the walls themselves. 

Provision of a conductive wall positioned as described above has the advantage of 
reducing radiation backlobes on the side of the conductive wall remote from the 
dielectric resonator. Low backlobes are of particular importance in the application of 
the present invention as an antenna for mobile telephones, since it is desirable to 
reduce radiation emissions in directions which pass through a user's head, for 
example. 
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In one embodiment of the antenna system of the present invention, the dielectric 
resonator is provided as a semicylindrical slab of dielectric substance having a 
generally rectangular planar base and two opposed generally semicircular planar 
sides. The dielectric resonator is positioned with one of the semicircular sides 
5 against a grounded plate and with the rectangular base against a conductive wall 
which is in contact with and intersects the grounded plate along a line. A dielectric 
substrate is provided on a side of the grounded plate remote from the dielectric 
resonator. A further dielectric substrate may also be provided behind the conductive 
wall so as to assist in adjusting the impedance of the antenna system. The dielectric 

1 0 resonator may be resonated in its fundamental HEMi is mode by a strip feed on a side 
of the dielectric substrate remote from the grounded plate and by an aperture feed in 
the form of a slot provided in the grounded plate and covered by the dielectric 
resonator. Other resonant modes may be used with other geometries. The dielectric 
resonator may be dimensioned so as to resonate at 1800MHz and tuned by adapting a 

15 length of the strip feed appropriately. Independently, the slot in the grounded plate is 
filled with a dielectric water-based gel and the dimensions of the slot are selected or 
tuned so as to cause it to resonate at 900MHz. When the dielectric resonator is 
placed so as to cover the slot, the antenna system as a whole will present two 
resonant frequencies, one at 1 800MHz and one at 900MHz. 

20 

The embodiment described above has a characteristic radiation pattern in the form of 
a figure of eight with a backlobe (on the side of the conductive wall remote from the 
dielectric resonator) considerably smaller than a front lobe (on the side of the 
conductive wall where the dielectric resonator is positioned). For some applications 
25 where the antenna system is located close to particular objects (such as the head of a 
user of a mobile telephone fitted with the antenna system), this arrangement can 
provide a very low backlobe, thereby reducing radiation emissions in the direction of 
the backlobe and hence improving safety. 
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The strip feed may be in the form of a microstrip transmission line printed on a side 
of the dielectric substrate remote from the grounded plate, or possibly in the form of 
a coplanar waveguide, slotline or coplanar strips. 

Instead of using a semicylindrical dielectric resonator, a semiconical dielectric 
resonator, having a generally triangular planar base and one generally semicircular 
planar side may be used, with the conductive wall placed against the triangular planar 
base. Alternatively, a truncated semiconical dielectric resonator having a generally 
triangular planar base and two generally semicircular planar sides, one larger than the 
other, may be used. 

Alternatively, the dielectric resonator may have a cross-section in the general form of 
a trapezoid or trapezium, preferably a regular trapezoid or trapezium such as 
described, for example, by a regular semihexagon. This form of dielectric resonator 
has a generally rectangular planar base and two planar sides of generally trapezoidal - 
shape. 

In the above embodiments, it is to be appreciated that the dielectric resonator 
generally has a cross-section which corresponds to half of a regular polygon or circle, 
with the conductive wall positioned along the planar base of the dielectric resonator 
so as to contain a longitudinal symmetry axis of a notional shape having a cross- 
section corresponding to a full regular polygon or circle. 

Other appropriate shapes having cross-sections other than semicircular or trapezoidal 
may be chosen for the dielectric resonator. 

For mobile telephone or other communications device (including personal 
computers, personal digital assistants and the like) applications, the dielectric 
substrate may be part of a printed circuit board within the telephone or 
communications device, or may be a part of a casing thereof. 
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For a better understanding of the present invention and to show how it may be carried 
into effect, reference shall now be made by way of example to the accompanying 
drawings, in which: 

5 FIGURE 1 shows a perspective view of an antenna of a first embodiment of the 
present invention; , 

FIGURE 2 shows a vertical cross-section through the antenna of Figure 1 ; 

1 0 FIGURE 3 shows a plan view of the antenna of Figure 1 ; 

FIGURE 4 shows a perspective view of an antenna of a second embodiment of the 
present invention; 

1 5 FIGURE 5 shows a vertical cross-section through the antenna of Figure 4: 
FIGURE 6 shows a plan view of the antenna of Figure 4; 

FIGURE 7 shows a plan view of an antenna of a third embodiment of the present 
20 invention; 

FIGURE 8 shows a side elevation of the antenna of Figure 7; and 

FIGURE 9 shows a radiation pattern measured in azimuth for the antenna of Figures 
25 7 and 8. 

Figures 1, 2 and 3 show an antenna system comprising a dielectric substrate 1 (which 
may be made of a material such as fibreglass or PTFE, among others) of dielectric 
constant kj having first 2 and second 3 sides. A grounded conductive plate 4 is 
30 mounted on the first side 2 of the dielectric substrate, and a microstrip feed line 5 is 
printed on the second side 3 thereof for transferring energy to and from the antenna 
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system. The grounded plate 4 has a rectangular slot 6 which includes a dielectric 
material of dielectric constant k 3 , and which is activatable as a dielectrically loaded 
antenna having a resonant frequency determined by the size and shape of the slot 6. 
The slot 6 and the microstrip feed line 5 are arranged so as to be generally 
perpendicular to each other in longitudinal orientation. A cylindrical dielectric 
resonator 7 (which, may be made of materials such as plastics with high relative 
permittivities, ceramics, water-based gels, among others) of dielectric constant k 2 is 
disposed over the slot 6 on the grounded plate 4, the dielectric resonator 7 being 
activatable as a dielectric resonator antenna having a resonant frequency determined 
by the size and shape thereof 

The dielectrically loaded antenna formed by slot 6 and the dielectric resonator 
antenna formed by resonator 7 are tuned to different resonant frequencies and caused 
to resonate at these frequencies by way of energy transfer from the single microstrip 
feed line 5. In this way, a dual band antenna system operating simultaneously at the 
two resonant frequencies is obtained. 

A preferred embodiment of the present invention is shown in Figures 4 5 5 and 6 ; 
which show an antenna system comprising a dielectric substrate 1 of dielectric 
constant k } having first 2 and second 3 sides. A grounded conductive plate 4 is 
mounted on the first side 2 of the dielectric substrate, and a microstrip feed line 5 is 
printed on the second side 3 thereof for transferring energy to and from the antenna 
system. The grounded plate 4 has a rectangular slot 6 which includes a dielectric 
material of dielectric constant k 3 , and which is activatable as a dielectrically loaded 
antenna having a resonant frequency determined by the size and shape of the slot 6. 
The slot 6 and the microstrip feed line 5 are arranged so as to be generally 
perpendicular to each other in longitudinal orientation. A semicylindrical dielectric 
resonator 8 of dielectric constant £^ having a rectangular planar base 9 and two 
opposed semicircular planar sides 10, is disposed on the grounded plate 4, such that 
the slot 6 is covered by one of the sides 10 and aligned along an edge of the base 9. 
The base 9 abuts a conductive wall 1 1 which is generally perpendicular to the 
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grounded plate 4 and in conductive contact therewith along a straight line of 
intersection which corresponds to the alignment between the edge of the base 9 and 
the slot 6. It will be appreciated that this embodiment is in effect just one half of the 
embodiment of Figures 1, 2 and 3, the conductive wall 11 forming a mirror plane 

5 which bisects the dielectric resonator 7, the dielectric substrate 1 and the grounded 
plate 4 along a longitudinal symmetry line of the slot 6 of that embodiment. 
The presence of the conductive wall 1 1 provides for a significant reduction in the 
radiation backlobe generated by the antenna system on the side of the conductive 
wall 1 1 remote from the dielectric resonator 8, which is useful in applications such as 

1 0 mobile telephones where it is desirable to reduce radiation emissions in the direction 
of a user's head, for example. 

An embodiment of the present invention which is particularly suited for use with a 
mobile telephone is shown in Figures 7 and 8. This embodiment has much the same 

1 5 configuration as that of Figures 4, 5 and 6, with all parts being labelled accordingly, 
except in that the dielectric resonator 12 is semihexagonal rather than semicylindrical 
in shape. Further differences are that the conductive wall 11 is mounted on a 
dielectric printed circuit board 13 of a mobile telephone (not shown) and that the 
microstrip feed line 5 passes up the circuit board 13 before passing under and 

20 contacting the dielectric substrate 1 , which is connected perpendicularly to the circuit 
board 13. 

Figure 9 shows a radiation pattern for the antenna of Figures 7 and 8 measured in 
azimuth. It can clearly be seen that the patterns for both frequencies (950MHz and 
25 1830MHz) are well matched in the larger frontlobes 14, 15; and also that the 
backlobes 16, 17 are of a significantly reduced size in comparison to the frontlobes 
14, 15. This is particularly advantageous for mobile telephone applications where the 
backlobes 16, 17 are directed towards a user's head and cause significantly less 
irradiation thereof that the frontlobes 14, 15. 



11 



CLAIMS: 



1 . An antenna system comprising a dielectric substrate of dielectric constant k } 
having first and second sides, with a grounded plate on the first side of the dielectric 
substrate and a strip feed on the second side of the dielectric substrate for transferring 
energy to and from the antenna system, a slot in the grounded plate which is 
activatable as a dielectrically loaded antenna having a resonant frequency determined 
by a size and shape of the slot and by characteristics of any material filling the slot 
and a dielectric resonator of dielectric constant k 2 disposed on the grounded plate on 
a side remote from the dielectric substrate and covering the slot, the dielectric 
resonator being activatable as a dielectric resonator antenna having a resonant 
frequency determined by a size, shape and material of the dielectric resonator, 
wherein there is further provided a conductive wall in electrical contact with the 
grounded plate and abutting or in close proximity to a surface of the dielectric 
resonator, and wherein the conductive wall is contacted by the slot. 

2. An antenna system comprising a dielectric substrate of dielectric constant k } 
having first and second sides, with a grounded plate on the first side of the dielectric 
substrate and a strip feed on the second side of the dielectric substrate for transferring 
energy to and from the antenna system, a slot in the grounded plate which is 
activatable as a dielectrically loaded antenna having a resonant frequency determined 
by a size and shape of the slot and by characteristics of any material filling the slot, 
and a dielectric resonator of dielectric constant k 2 disposed on the grounded plate on 
a side remote from the dielectric substrate and covering the slot, the dielectric 
resonator being activatable as a dielectric resonator antenna having a resonant 
frequency determined by a size, shape and material of the dielectric resonator. 

3. An antenna system as claimed in claim 1 or 2, wherein the slot and the 
dielectric resonator are configured to resonate at different frequencies. 
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4. An antenna system as claimed in claim 1, 2 or 3, wherein the slot is provided 
or filled with a dielectric material of dielectric constant k 3 . 

5. An antenna system as claimed in claim 2 or any claim depending therefrom, 
5 wherein there is further, provided a conductive wall in electrical contact with the 

grounded plate and abutting or in close proximity to a surface of the dielectric 
resonator, and wherein the conductive wall is contacted by the slot. 

6. An antenna system as claimed in claim 1 or 5, wherein the conductive wall 
1 0 intersects the grounded plate along a line and is disposed such that it simultaneously 

coincides with a geometrical symmetry plane of the slot and an electric field 
symmetry plane of the dielectric resonator. 

7. An antenna system as claimed in claim 1, 5 or 6, wherein the conductive wall 
15 is provided with a dielectric substrate on a side remote from the dielectric resonator. 

8. An antenna system as claimed in claim 1, 5, 6 or 7, wherein the conductive 
wall is substantially perpendicular to the grounded plate. 

20 9. An antenna system as claimed in claim 8, wherein the dielectric resonator has 
a semicylindrical configuration having a generally rectangular planar base and two 
opposed generally semicircular planar sides, with one of the semicircular sides 
abutting the grounded plate and with the rectangular base abutting the conductive 
wall. 

25 

10. An antenna system as claimed in claim 8, wherein the dielectric resonator has 
a semiconical configuration having a generally triangular planar base and one 
generally semicircular planar side, with the semicircular side abutting the grounded 
plate and with the triangular base abutting the conductive wall. 
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11. An antenna system as claimed in claim 8, wherein the dielectric resonator has 
a semiconical configuration having a generally triangular planar base and two 
opposed generally semicircular planar sides, one larger than the other, with one of the 
semicircular sides abutting the grounded plate and with the triangular base abutting 

5 the conductive wall. 

1 2. An antenna system as claimed in claim 8, wherein the dielectric resonator has 
a trapezoidal cross-section with a generally rectangular planar base and two opposed 
generally trapezoidal planar sides, with one of the trapezoidal sides abutting the 

1 0 grounded plate and with the rectangular base abutting the conductive wall. 

13. An antenna system as claimed in claim 12, wherein the dielectric resonator 
has a semihexagonal cross-section with a generally rectangular planar base and two 
opposed generally semihexagonal planar sides, with one of the semihexagonal sides 

15 abutting the grounded plate and with the rectangular base abutting the conductive 
wall. 

14. An antenna system as claimed in claim 3 or any claim depending therefrom, 
wherein the slot is tuned so as to have a resonant frequency of substantially 900MHz 

20 and wherein the dielectric resonator is dimensioned to as to have a resonant 
frequency of substantially 1800MHz. 

15. An antenna system as claimed in claim 14, wherein the slot is tuned so as to 
have a resonant frequency of 950MHz and wherein the dielectric resonator is 

25 dimensioned to as to have a resonant frequency of 1 830MHz. 

16. An antenna system as claimed in any preceding claim, wherein the strip feed 
is in the form of a microstrip transmission line printed on a side of the dielectric 
substrate remote from the grounded plane. 

30 
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17. An antenna system as claimed in claim 5 or any claim depending from claim 
5, wherein the conductive wall comprises at least two wall sections arranged with 
respect to each other at an angle of between 0° and 1 80°. 

5 18. A mobile telecommunications device incorporating an antenna system as 
claimed in any preceding claim. 

19. A mobile telecommunications device incorporating an antenna system as 
claimed in claim 7 or any claim depending therefrom, wherein the conductive wall is 

10 provided with a dielectric substrate in the form of a printed circuit board bearing 
other electronic components of the mobile telecommunications device. 

20. An antenna system substantially as hereinbefore described with reference to 
the accompanying drawings. 
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21. A mobile telecommunications device substantially as hereinbefore described 
with reference to the accompanying drawings. 
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